Intracellular delivery of heparin complexed with chitosan-g-poly(ethylene glycol) for inducing apoptosis.
Chitosan-g-PEG/heparin polyelectrolyte complex micelles were prepared for inducing apoptotic death of cancer cells. The cytotoxicity of polyelectrolyte complex micelles was evaluated by examining the growth inhibition of mouse melanoma B16F10 cells. Cellular uptake and apoptosis-inducing effect were investigated by confocal laser scanning microscopy and flow cytometric analysis, respectively. The prepared polyelectrolyte complex micelles had a spherical shape with an average diameter of 162.8 +/- 18.9 nm. They were highly stable and well dispersed even in the presence of serum due to the presence of hydrophilic PEG shell layer surrounding the micelles. Moreover, they exhibited significantly higher cytotoxic activity against B16F10 cells compared to heparin or chitosan-g-PEG at the same concentration. The polyelectrolyte complex micelles were internalized by cancer cells to a greater extent than free heparin alone, indicating that the dramatic cell death was attributed to the increased cellular uptake of heparin. The internalized heparin was shown to induce apoptotic death of the cancer cells via a caspase-dependent pathway. Nanosized and stable chitosan-g-PEG/heparin polyelectrolyte complex micelles were produced by a self-assembly process. The polyelectrolyte complex micelles facilitated the intracellular delivery of heparin, triggered the caspase activation, and consequently promoted apoptotic death of cancer cells.